Bisphosphonate therapy has become the pharmacologic treatment of choice for preventing bone loss and fractures in postmenopausal women with osteoporosis. [1] [2] [3] This is primarily because bisphosphonates have proven efficacy for treating bone loss, relative low cost, ease of use, and low risk of adverse effects versus hormonereplacement therapy, which has been associated with increased risk of breast cancer and cardiovascular disease. 4 In addition to the longstanding use of oral bisphosphonates in this setting, intravenous zoledronic acid (5 mg) has been approved as a yearly infusion for treating osteoporosis and as a biennial infusion for women with osteopenic disorder, and ibandronate (3 mg) has been approved as a quarterly injection for treating osteoporosis. [5] [6] [7] [8] In addition, several recent clinical trials demonstrated the efficacy of bisphosphonates for preventing cancer treatment-induced bone loss (CTIBL) in pre-and postmenopausal women with early-stage breast cancer.
9-13 Beyond preventing osteoclast-mediated bone resorption, nitrogen-containing bisphosphonates have also demonstrated anticancer activity in a variety of preclinical and clinical studies.
14 There is also evidence for anticancer synergy between cytotoxic chemotherapy agents and zoledronic acid, a finding that was recently confirmed in women receiving neoadjuvant therapy for breast cancer. 15 Furthermore, adding adjuvant zoledronic acid in large, randomized clinical trials produced remarkable reductions in disease recurrence in women with breast cancer, and suggests that bisphosphonates have a beneficial effect on the microenvironment in which dormant tumor stem cells survive in early disease. 16 Based on these exciting findings, several recent population-based studies examined whether long-term use of oral bisphosphonates in women with postmenopausal osteoporosis may be associated with a reduced risk of breast cancer.
In These significant correlations are profound and intriguing, because they suggest that bisphosphonate-induced changes to the microenvironment surrounding potential cancer cells can be exploited in preventing breast cancer. If this application of the seed and soil axiom, first introduced by Stephen Paget, 19 becomes a reality, the potential implications would be far-reaching. However, the results presented in these two studies must be interpreted with caution. As correctly noted by the authors, several potential confounding factors may have influenced the observed outcomes, including age, ethnicity, tobacco use, alcohol use, physical activity, baseline bone mineral density (BMD), body mass index, prior hormone therapy, calcium and vitamin D supplementation, number of pregnancies, duration of breast feeding, and other unknown factors that may interact with breast cancer risk in these healthy women. Although the authors did their best to control for these confounders, the relative and interrelated risk factors for breast cancer are not yet completely understood, and thus form the major limitation of retrospective analyses. Consequently, in the absence of a prospective randomized study, the analyses should be viewed as hypothesis generating and not practice changing at this time.
Estrogen exposure has been correlated with mammary hyperplasia and ultimately with breast cancers that are stimulated by sex hormone signaling. However, estrogen is also intimately involved in regulating the balanced and coupled processes of bone resorption and formation. Lifetime exposure to estrogen influences not only breast cancer risk but also BMD. 20 Therefore, BMD and breast cancer risk may be related. It is well established that women with high BMD are at higher risk of breast cancer compared with women with low BMD, [21] [22] [23] presumably because high estrogen levels or prolonged exposure to estrogen are more likely to stimulate the growth of ERpositive breast cancer cells. Therefore, by nature, women in whom bisphosphonate therapy would be initiated might represent a lowerrisk group for breast cancer than women with normal BMD. However, the breast cancer risk reduction among bisphosphonate-treated versus non-bisphosphonate-treated women was even more pronounced for ER-negative breast cancer, which, according to our current understanding, should not be influenced by estrogen exposure. Moreover, women who developed breast cancer during bisphosphonate therapy had a higher proportion of in situ versus invasive breast cancer. 17 This suggests that bisphosphonates may have somehow inhibited breast cancer invasion or at least interfered with the continuous processes of atypia and hyperplasia at the lobuloductal end plate. It remains unclear whether the known immune-mediated anticancer effects of zoledronic acid are also present for oral bisphosphonates or whether these anticancer mechanisms even play a role in this setting. In fact, Rennert et al 18 report that women receiving bisphosphonates who developed breast cancer had tumors with better prognostic features, including a lower proportion of human epidermal growth factor receptor 2 (HER2) -positive tumors, compared with women who did not receive bisphosphonates.
Duration of bisphosphonate use also somewhat correlated with reduction in breast cancer risk, but this finding was inconsistent between the two studies. In Chlebowski et al, 17 the greatest reduction in breast cancer risk was in women who had received bisphosphonates for less than 2 years. This may suggest that oral bisphosphonates might be able to delay breast cancer, but they cannot prevent it. In contrast, Rennert et al 18 showed that the greatest risk reduction was in women who had received bisphosphonates for more than 1 year, but that the risk reduction persisted in patients with more than 5 years of exposure, reflecting a longer course of prevention. However, differences in patient demographics or criteria for bisphosphonate use between these United States-based and Israel-based studies could be responsible for the inconsistencies.
In support of these two articles, a recent population-based, casecontrolled study in Wisconsin (N ϭ 5,911) from Newcomb et al 24 found that current bisphosphonate use was associated with a comparable 33% reduction in the risk of breast cancer (odds ratio ϭ 0.67; 95% CI, 0.51 to 0.89). Important confounders such as body mass index and hormone-replacement therapy were considered. Although it was a smaller study, this represents an additional, independent report of the correlation between bisphosphonate use and decreased breast cancer risk. It is interesting to note that the relative breast cancer risk reduction is approximately 30% across all three studies.
Potential anticancer effects of bisphosphonates have also been reported in pre-and postmenopausal women with early-stage breast cancer. For example, early clinical evidence for the anticancer effects of bisphosphonates was obtained from two separate clinical trials in women with breast cancer (total N ϭ 1,371) in which 2 years of oral clodronate delayed the appearance of bone metastases and prolonged disease-free and overall survival. 25, 26 However, another trial (N ϭ 299) found no significant clinical benefit with oral clodronate. 27, 28 Similarly, a trial of oral pamidronate (N ϭ 953) failed to show a reduction in breast cancer recurrence in bone or prolongation of survival. 29 More recently, in the ZO-FAST (Zometa-Femara Adjuvant Synergy Trial) study (N ϭ 1,065), postmenopausal women receiving zoledronic acid plus adjuvant letrozole for endocrine-responsive breast cancer had a 41% reduced risk of disease-free survival events compared with those who received letrozole therapy alone (HR ϭ 0.59; 95% CI, 0.36 to 0.96; P ϭ .0314). 10 Similarly, premenopausal women in the Austrian Breast and Colorectal Cancer Study Group trial 12 (ABCSG-12; N ϭ 1,803) receiving endocrine therapy (ovarian suppression plus anastrozole or tamoxifen) plus zoledronic acid experienced a 36% relative reduction in the risk of disease progression compared with endocrine therapy alone (HR ϭ 0.64; 95% CI, 0.46 to 0.91; P ϭ .01). 30 In both of these trials, adding zoledronic acid reduced disease recurrence in bone and nonbone sites (including contralateral breast cancer). The reduction in disease recurrence with adjuvant bisphosphonate therapy may result, in part, from modification of the bone marrow microenvironment, making this niche less receptive to tumor stem cells. As recently demonstrated by Aft and others, [31] [32] [33] [34] disseminated tumor cells in the bone marrow, which are thought to seed future distant metastases, can be reduced or eliminated by indirect bisphosphonate-mediated modification of the bone marrow niche.
Bisphosphonates have also demonstrated direct and indirect anticancer effects on cancer cells-including inducing cancer cell apoptosis; inhibiting cancer cell adhesion and extravasation, anticancer synergy with endocrine therapy and cytotoxic chemotherapy; deterring angiogenesis; and activating immune cells with anticancer activity (␥␦ T cells); among others.
14 Indeed, these anticancer effects of bisphosphonates likely account for the reduction in residual invasive tumor size and improved pathologic complete response with zoledronic acid versus no zoledronic acid reported in a recently published exploratory analysis of the subset of women who received neoadjuvant therapy in the AZURE (Adjuvant Zoledronic Acid Reduce Recurrence) trial (n ϭ 205), a randomized study evaluating the effects of adding zoledronic acid to early breast cancer treatment regimens.
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In this study, patients receiving neoadjuvant chemotherapy plus zoledronic acid had a 43% relative reduction in mean residual invasive tumor size compared with patients receiving chemotherapy alone (15.5 v 27.4 mm, respectively; P ϭ 0.006). Furthermore, adding zoledronic acid improved pathologic complete response by nearly two-fold compared with chemotherapy alone (6.9% v 11.7%, respectively; P ϭ .146) and reduced the number of mastectomies.
The bisphosphonates used varied among patients in the three published database studies. Therefore, it is possible that the reported correlations represent a class effect. However, it is unclear whether this is a class effect of bisphosphonates or of antiresorptive therapies in general. It is unknown whether a new antiresorptive agent, the antireceptor activator of nuclear factor B (RANKL) antibody, denosumab, will have similar anticancer activity in women with osteoporosis. Although denosumab was reported to prevent cancer treatmentinduced bone loss (CTIBL) in women receiving adjuvant aromataseinhibitor therapy 35 and was superior to zoledronic acid for reducing skeletal-related events in women with bone metastases from breast cancer, 36 to date there has been no reported evidence of reduced breast cancer recurrence in the CTIBL trial or of breast cancer prevention in the large postmenopausal osteoporosis trial.
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Taken together, the results of the two studies in this issue of JCO are important additional steps toward understanding several unresolved issues, including how best to target the early precursors of malignancy and the role of the microenvironment in tumor development.
17,18 Ongoing translational and clinical research studies are scheduled to report their findings in the near future and may help to further elucidate the potential role of bisphosphonates in preventing breast and other cancers. Results from these studies and others will need to identify the precise anticancer mechanisms contributing to the different settings, but the hypothetical benefits of bisphosphonates as anticancer therapies may now extend well into the early stages of the continuum of breast cancer development and progression.
At this point, it would be premature to recommend the use of oral bisphosphonates to prevent breast cancer in all postmenopausal women. However, it is not unreasonable to consider the potential anticancer benefits of bisphosphonate therapy, in addition to its boneprotecting effects, when evaluating treatment options in women with postmenopausal osteoporosis, especially considering that bisphosphonates are generally well tolerated in this population.
In summary, there are strong signals that bisphosphonate therapy for postmenopausal osteoporosis might significantly reduce the risk of breast cancer. This supports the idea that the seed and soil theory is equally relevant in preventing breast cancer in healthy postmenopausal women as it is in preventing breast cancer recurrence in women with early-stage breast cancer. The growing body of evidence suggests that targeting the microenvironment in addition to the cancer cells themselves may be an important aspect of future anticancer strategies. The two reports presented in this issue of JCO now add further support to this exciting possibility. 17, 18 
